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The problems of ac transmission particularly in long 
distance transmission have led to the development 
of high voltage direct current (HVDC) transmission 
However, as generation and utilization of power 
remain at alternating current, the HVDC 
transmission requires conversion at two ends, from 
ac to dc at sending end and back to ac at the 
receiving end 
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Advantages of HVDC Transmission 



1. Only two conductors per circuit are needed, 
consequently, dc transmission towers carry less 
conductor dead weight, and they can be smaller 
and less costly to fabricate 

2. With a single-line fault, the remaining conductors 
will still be functional through the ground of return 

3. No skin effect: lower resistance of a conductor 

4. A dc transmission link has no stability problem 



Advantages of HVDC Transmission 



5. Using the HVDC transmission, the prime mover 
speed need not be confined to correspond to 50 or 
60 Hz, but could rather be chosen for best 
economy. 

6. The dc itself does not require reactive power. 

7. No Ferranti effect (no limitations for the lines. 

8. For the same amount of transmitted power over 
the same size conductors, the dc line losses are 
smaller than with ac transmission lines. 



Disadvantages of HVDC Transmission 



1 . The lack of HVDC circuit breakers is regarded as 
limitation of HVDC transmission. In ac circuits, circuit 
breaker takes advantage of the current zeros occurring 
twice per cycle. 

2. The reliability and maintenance of converters are 
major problems for dc systems with mercury-arc 
converters. 

3. Production of harmonics due to converter operation 
and need for filters in both sides of dc systems 

4. High cost of conversion equipment. 

5. Complexity of control 



Applications of HVDC Transmission 

1 . For long-distance overhead transmission lines and 
underground cables: If the transmission distance is 
greater enough the break-even point. If the cost of 
underground transmission is included, the break-even 
distance can be 80-100 km. 

2. If transmission is by submarine or underground cable, 
the breakeven distance is much less than overhead 
TLs. The main reasons of using HVDC in this case 
include: 

• The High charging current 

• The dc cable is much cheaper than the ac cable. 
Due to their low resistively (0.3 Q. m) seawater itself 
can often be utilized for current return. 5 



Applications of HVDC Transmission 



Some a.c. power systems can not synchronized to 
neighbouring networks even with their small distances 
(different frequencies) 

Deliver energy from remote energy sources, where 
generation has been developed at remote sites of 
available energy 

Increasing the power transfer capability of existing a.c. 
transmission by conversion to d.c. transmission. 
Power flow control through voltage rather than angles 
Two ac systems, which have different strategies of 
control technique may tied together through a dc 
interconnection. 
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Monopolar HVDC link 



• The monopolar link has one conductor (usually 
of negative polarity) and uses ground and sea 
return 

• This type of configuration may also be the first 
stage in the development of bipolar systems 

• Instead of ground return, a metallic return may be 
used in situation, where the earth resistivity is 
high 
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A Bipolar HVDC link | 

• A bipolar link consists of two conductors, one positive 
and the other negative. 

• The neutral point given by the junctions between the 
converters is grounded at one or both ends 

• Each terminal has two converters with equal rated 
voltages (series on dc side and parallel on ac side) 

• It is considered to be equivalent to a double-circuit ac 
transmission line 

• It causes considerably less harmonic interference on 
nearby facilitate than the monopolar system 

• Reversal of power-flow direction is achieved by 
changing polarities of the two poles through controls. " 
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Homopolar HVDC link 

• The homopolar link has two or more conductors 
having the same polarity (usually negative), and 
always operates with ground return 

• The main advantageous of homopolar is that a 
negative polarity causes less radio interference 
due to corona 



Homopolar HVDC link 
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Conversions from ac to dc (Rectifier station) and from dc to ac (Inverter station) 
are performed by converters, and consists of valve groups and transformers with 
tap changers. A point-to-point transmission requires two converters. The role of 
rectifier and inverter stations can be reversed (resulting in power reversals) by 
suitable converter control. 



o 



Converters 



Components{J 

of HVDC 

Transmission 
I 



Reactr 

! SOI 



I 



o 

'eactive power 
sources 



I 



Electrode 



O 



I 



AC circuit" 
breakers 



Filters 



O 



Smoothing 
reactors 



O 



DC lines 



O 



O 

DC switch gear 



There are three types of filters used: 

L Ac fitters: both Low and high frequency filters are used to suppress the ac 
current harmonics. 

2. Dc fitters: both low and high frequency filters are used for the filter in g 
of dc harmonics. 

3. High frequency filters, these are connected between the converter 
transformer and the station ac bus to suppress any high frequency 
currents. 
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Converter stations require reactive power supply that is dependent on the active 
power Loading (about 50 to 60% of the active power). Fortunately, the ac filters 
provide part of this reactive power requirement. In addition, synchronous 
condensers and static var systems are used depending on the speed of control 
desired. 



SMOOTHING REACTORS 
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A sufficient Large series reactor is used on dc side to smooth dc current and also 
for protection - The reactor is designed as a linear reactor and is connected on 
the line side, neutral side, or in both in the line and neutral side. 
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Most dc Jinks designed to use earth as neutral conductor for at Least short periods 
of time. The connection to the earth requires a large-surface-area conductor to 
minimize current densities and surface voltage gradients. This conductor is 
referred to as an electrode. 
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They may be overhead lines or cables. Except for the number of conductors and 
spacing required, de lines are very similar to ac lines. 
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For clearing faults in the converter transformer and for taking the dc Link out of 
service, circuit-breakers are used on the ac side. They are not used for clearing dc 
fault, since this fault can be cleared more rapidly by the converter control. 
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This is usually a modified ac equipment used to interrupt small dc currents. 
Dc breakers are also used, for interruption of rated load currents. 



